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(57) The present inventic . relates to the nucleic 
acid sequence of genes encot ny proteins of the 37 kD 
protein family of Babesia divi gens Furthermore, the 
invention relates to recombina it molecules comprising 
such nucleic acid sequences, ive recombinant carriers 
comprising such nucleic acid sequences and host cells 
comprising such nucleic acid sequences Yet another 
embodiment of the invention r< ates to vaccines against 
Hcihd&a divergens comprisin proteins of the 37 kD 
I r::tein tamiy, nucleic acid seci ence ot genes encoding 
pi tuns u* the 3/ kD pro em family ot Babesia 
iUvttft't.'ns , recombinant moi< i ulu^ comprising such 
i:i.ck;ic til id sequences live f :t.n ibMiant cumefs com 
pi -.if'. ; such nucleic ti^ui i,t;qu« k e^>. hest uelta eumpris 
jruj suL.fi nucleic acid seque oes, antibodies against 
pi .terns of the 3/ kD protean fa oily and methods for the 
preparation of such vaccine;- Additionally, diagnostic 
kits for the detection of Bake- a divergens, diagnostic 
kits for the detection of ant bedies against Bakesui 
divergent and methods for ir« detection of Babesia 
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Description 

[0001] Trie present invention relates to trie ru:oieic acid sequence of genes encod-.ng proteins of trie 3/ kD protein 
tainity of Babesia divergent, recombinant molecules comprising such nucleic acid sequences, live recombinant carriers 
comprising such nucleic acid sequences, host cells comprising such nucleic acid sequences, vaccines against Babesia 
divergent comprising proteins of the 3/ kD protein family, methods for the preparation of such vaccines, methods for 
the detection of antibodies against a pmtem of the 3 7 kD protein family, diagnostic kits for the detection of Babesia 
Divergent, diagnostic kits tor tne detection of antibodies against Babesia divergens ar.d methods tor the detection ot 
Babesia divergens 

io [0002] The parasite Babesia d vergens causes severe economical losses in cattle The genus Babesia to which 
Babesia divergens belongs comprises amongst others also the species B bovis, B cams and B bigemma In Europe, 
Babesia dtveiyetts is the must putt oyeniu Babesia species affecting cattle. (Kuttler, K L. , in M. Ristic (ed ), Babesiosis 
of domestic animals and man. CRC Press, Inc., Boca Raton, Fid. 1988). The parasite is transmitted by the three-host 
cattle-tick Ixodes nanus. Babesia divergens causes anaemia in cattle, in severe cases leading to death The disease 
is also called "red water" since in a progressed state it causes bloody urine The problem of bovine Babesiosis has been 
a long standing problem: vaccination against bovine Babesiosis in Sweden, using blood from carrier cattle which had 
acute Babesiosis in the previous sjmrner, was already advised by local veterinary authorities in 1920. In spite of all 
efforts however, there is still no sate and erficacious vaccine commercially available today, although in Sweden alone, 
babesiosis costs farmers more than 8 /5.000 $ each year. It has been shown that babesiosis in cattle can be controlled 

.'n by vaccination with live attenuated vacc ines The presently available live vaccines however have the drawback that their , 
application needs veterinary surveillance This is due to their var able infectivity and morbidity: in unhealthy animals an 
wttpni \i»U*ti Iiwp uarrinp r«iKP<; a i/i'ulpnt ir.fpftinn leading tn ^irknPKS 

It is known that vaccination with live vaccines is however not necessary. It appeared that so-called Soluble Parasite Anti- 
gen (SPA) preparations are capable of inducing an immune response that, although not necessarily affecting the para- 
;'•> site, sufficiently reduces the ievei of clinical manifestations upon infection (Rev.: Schetters et al. in Parasitology today 
11: 456-462 (1995)). 

Further analysis of the various components found in SPA has revealed several proteins that possibly play a role in 
inducing protection against infection, or at least aga-nst the clinical manifestations of the infection. When the SPA pro- 
teins were separated into 4 separate groups F 1 -F4, based on their molecular weight, it surprisingly turned out that all 4 
ao groups contained a compound the t gave at least a certain amount of protection against infection. (Precigout et al. , 
Experimental Parasitology 77: 425-434 (1993)). 

Of the proteins found in the F4 -traction, one specific Babesia divergens protein has been studied for several years 
already for its use in vaccines' the 1 7 kD Merozcite Membrane protein Qf this protein it has been strongly suggested 
that it plays a very important role, not the key role, in inducing immunity against Babesia. This was based i.a. upon 
as the finding that monoclonal antibod es against the 1 7 kD protein were induced after live infection and could in vitro dras- 
tically inhibit growth of the parasite. (Precigout et al (1993), t.xp HarasttoL 77 (4) : 42b-34). 

[0003] Two other proteins, present in the same fraction that comprises the 1 7 kD protein, i.e. the F4-fraction, and 
also recognised by antiserum agair st Babesia divergens, are a 50 kD protein and a 37 kD protein. (Carey et al., Infect, 
and Irnmun. 63: 8 I 1 -8 I 7 (1995)) The detection of Loth tfie 50 kD and the 37 kD protein was based on the fact that tn 
■h> vivo antibodies are raised against these proteins. T his is however the case with many proteins of the SPA: practically 
all proteins are capable of raising antibodies, but only one or a minor number of proteins plays a role in the induction of 
neutralising antibodies 

Only antibodies against the 1 7 kD protein w^re known to possess protective activity Thus, one would expect this 1 7 kD 
protein to be the protein of trie I- A go: np that •■:; responsible for inducing immunity And therefore the possiole role of the 
-r other f 4 oiotoms e y the 3/ kD and tne 50 kD protein remained fully unclear. 

[0004] i: is an objective of tf e present -rivention to provide a; novel and efficient vaccine component against Babe 
sia di s&rguns infection in caUle, ur tt least agamst the clinical manifestations of the infection 

[000'j] iii uiie embodiment, ihtjieune, the present u veiiiion provides tor the fust time the nucleotide sequence ot 
the gene encoding the 37 kD prote n Surprisingly it was found, that the 37 kD protein can be found in at least two dif 
terent variant forms: a 37 kD form md a slightly shorter form, a 35 kD form, Other, slightly smaller or larger forms are 
also seen 'I he form depends on the Babesia divergens strain from which the gene was isolated. It is therefore appro- 
priate to talk about a 3/ kD protein- family -ather than merely a 3/ KD protein. I he reason tor the difference in size of 
the various members hes n the tact that certain regions of the protein can apparently be deleted without drastically 
a'tenng the function of the orotein see below i Many di'tecem P.Hbesia divenje'-s sframs have until now been isolated 
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fragment thai is present in ontWein and deleted in the o her contributes to a decrease in homology level, even in the 
case that *l nucleic acids shl present woulu o c I00 % h mologous Tt e following may serve as an example: it the 
genes ei.xdii g a 37 KD p'ut, n and a 3b kD protein are compared, them is a nor- homology ot 5% which is only dee 
tu tne delet on ,n the shorter c :t, s two ge-es ' heretore. m order to compensate tor those d.rterences in Homology that 
are due to difterences in sue , the proteins ot tne 3/ kD protein family, the minimal level ot overall Homology between 
the genes encoding the varies proteins C the 37 kD protein tamiiy is estimated to be 60%. thus, tne 3/ kD protein 
family comprises those proteins U which the genes encod.i g them share at least 60% homology with the genes encod- 
...u the 3/ k U protein lamily u. -v,,:cl. the nu^ic add sequences a. c given ... SEQ ID NO. 1 . 3 and 3. These sequences 
- ,.( i„„K .,t in- 37 k(3 oiottiin familv The adontnm used tor trie deteim.nation cf the 

die niclc.y uj tAuinf.^^ - c"" - - i ' - 

level of nucleic acid homology is known as 'Clusta' W" ana has been desenbed by Thompson et al , in Nucleic Acid 
Research 22 4673-4680 (1 99**1 I he proqram can be founa at several sites on Internet. 

Aii genes encoding a protein] ot the 37 I D protein family that share at least 60% homology with the nucleic acid 
sequences aiven in SEQ ID NO: 1 , • or 3 are considered ro be members of the 37 kD protein family. F-or e.g. vaccine 
applications^* below) the homology between a selected gene encoding a protein of the 37 kD protein family and 
SEQ ID NO- l ? or 3 will pre! rably be somewhat higher than 60%. Although a 60% homology with SEQ ID NO 1 , 2 
or 3 would be acceptable, a he moloqy of , 70 % would be preferred A homology ot v 80% is more preferred, whereas 
an homology of > 90% is mos'/ preferred 

In exceptional cases, a member of the 37 kD protein may be found to have a nucleic acid homology that is below the 
level given above. This may e.g. be caused by an exceptionally large deletion. Nevertheless, such genes belong to the 
family of genes encoding a pro em ot the 37 kD protein family if they hybridise with any of the genes of which the nucleic 
acia sequence is given in SEC. ID NO: 1 , 2 or 3 under stringent conditions. Tne conditions for hybridisation are given in 
Example 1 . 

[0006] Another way ot determining if a protein belongs to tne proteins of the 37 kD protein family is based upon 
binding of the protein to a specific antibody. This way of characterising the proteins of the 37 kD family is provided 
below The characterisation is oased upon the specific reaction of proteins of the 37 kD protein family with the mono- 
clonal antibody F4.2F8. This Monoclonal antibody binds to most proteins of the 37 kD family tested so far. The mono- 
clonal antibody is highly sped : ; a common characteristic of all monoclonal antibodies A hybridoma cell line producing 
the monoclonal antibody F4.2*'8 has been deposited with the European Collection of Cell Cultures (ECACC), Centre 
for Applied Microbiology & Research (CAMR), Salisbury, Wiltshire SP4 OJG United Kingdom, under accession number 
99031 81 6. Therefore, all prote ns binding to f 4.2F 8 are considered to be members of the 37 kD protein family. 
It can not be excluded that oc ;asionally a strain is isolated having a protein of the 37 kD protein family that does not 
bind to monoclonal antibody I- 1.2F8. In such exceptional cases, the gene encoding the protein will however still hybrid- 
ise to a gene of which the nucleic acia sequence is given in SEQ ID NO 1 , 2 or 3, or the gene wiii show a homology of 
at least 60 % with the nucleic acid sequence is given in SEQ ID NO: 1 , 2 or 3. 

[0007] In a first embodimc M, the invention provides a lucleic acid sequence of Babesia divergens that encodes a 
protein of the 3/ kD protein ta ;nly or an immunogenic trac nent thereof 

[0008] It could be shown by sequence analysis of Me genes encoding the 3/ kD protein family in the various 
strains, that the difference in s [e is often due to the presence, absence or polymorphism of small nucleic acid deletions 
in the gene This is shown in f. ; 1. This figure shows a sec uenoe comparison between the B. divergens strains Rouen 
1987 (R), Weybridge 8843 (W) and Y5. it can be seen tn t strains W and Y5 encode a 35 kD variant form, whereas 
strain R encodes a 37 kD van. r it 

[0009] Next to the preserv e/absence of the deletion ir W and Y b compared to R, there are minor variations in the 

overa:! nucleic acid sequent, of the gene encoding a protein ot the 37 kD protein family in the respective Babesia 
strain; f heoi; variations may love no effect cm the ammo acid sequence ot the polypeptide, in case that the modifies 
ticn cuch tln.t tne variant 'nplot c:xJes tor tne same amti o acid Tn.s ause of variation -.s oased upon the phenome- 
non u! degeneracry of trie g«. m-t c c-.xie li haupens e cj. that one to uabrai 'nutation the G in the triplet CTG. coamg for 
th. ivpjno -K-: 1 i eucme is replaced ny a O. also coding for L encine or that the G in GAG coding for glutamic acid is 
replaced by ar A, which triplet still encodes glutamic acid Such a mutation is a s.lent mutation, i e it does not show at 
the am.no aoict level Such sil. nt modif c ations are very frequently found m nature, when comparing e g two (Afferent 
field isolates o* Babesia divert ens. This phenomenon holds for all amino acids, except Met and Trp. Thus, it is obvious, 
that trie protein family of the p esent invention can not only be codea for by the nucleotide sequences given in SEQ ID 
NO ' 3 but also by a very Ian e variety of jther sequences, al' encoding the identic al protein, it therefore goes without 
saying that any nucleic acid s. qcence encoding the proteins of SEQ. iU. NO: 1 , 2 or 3 of the present invention as well 
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described, e.g. by Neurath et ai in The Proteins" Academic Press New York (1979) Ammo acid replacements between 
related amino acidb oi repiacen -nts which have occurred frequently in evolution are, inter aha, Ser/Ala, Ser/Giy, 
Asp/uly Asp/ Asn. lit: Val (See Dayhot. M [j . Atlas Dt protei i Sequence and structure, Nat Biomed Res hound.. Wash 
ington D C , 19/8, vol. 5, suppl 3 utfier amino acid substitutions include Asp/Glu, I hr/Ser, Ala/Giy, Ala/ 1 hr, Ser/Asn, 
Ala/Val, Thr.'Phe, Ala/Pro, Lys/Arg Leu/lle, Leu/Va> and Afa/G -u Based on this information, Lipman and Pearson devel- 
oped a methou tor rapid and sensitive protein comparison tScier.ce.22/, 1435-1441, 1985) and determining the func- 
tional similarity between, homolooaus proteins Such amino acid substitutions of trie exemplary embodiments of this 
invention, ct^ well cis variations havii g deletions and/of insertions are within the scope ol the tnveiilicn as long as the 
resulting pioleins retain their i; i n i iut tor eactivity. I fius, variations no! essentially influencing the immunogenicity ot the 
protein compared to the wild type, protein as aepicted in SCO ID NO: 4-6 are considered to fall witnin the scope of the 
invention. Those variations in the'amino acid sequence of a certain 3/ kO protein according to the invention that still 
provide a protein capable of mdm ng protection against infect on with B. citvergens or at least against the clinical man 
testations of the infection are considered as "not essentially ir fluencing the immunogenicity". 

[0011] 'n a preferred torn), thi invention relates to a nucleic acid sequence encoding a 37 kD protein or an immu- 
nogenic fragment thereof. Such asequence could e.g be isolated from an R strain, or any other strain encoding a pro- 
tein of the 3/ kD protein family wan a molecular weight of 37 I.O. 

[0012] In a more preferred term of this embodiment the gene encoding the 37 kD protein has the sequence 
depicted in SEO ID NO: 1 

[0013] In another preferred fern, the invention relates to a nucleic acid sequence encoding a 35 kD protein or an 
immunogenic fragment thereof This sequence could e g be isolated from a W strain, or any other strain encoding a, 
protein of the 3/ kD protein family with a molecular weight of 35 kD 

[001 ^1 ] !n a more preferred form of this embodiment the gene encoding the 35 kD protein has the sequence 
depicted in SEO ID NO: 2 or 3. 

[0015] Trie invention also relates to nucleic acid sequences encoding a protein of the 37 kD protein family that is 
capable of binding to the monoclonal antibody F42F8 

[0016] A definition of immunogenic fragments of a protein of the 37 kD protein family will be given below, where 
another embodiment of the invent on, i.e. vaccination is discussed. 

[0017] In general, the term "p'otein" refers to a molecular chain of amino acids with biological activity. A protein is 
not of a specific length and can, if equired, be modified in vivo or in vitro, by, tor example, glycosylation, amidation, car- 
boxylation or phosphorylation; thus, inter aha, peptides, oligopeptides and polypeptides are included within the defini- 
tion. 

[0018] Since the present invention discloses the nucleic acid sequence encoding members of the 37 kD protein 
family, it is now for the first time possible to obtain such proteins i n sufficient quantities. This can e.g. be done by using 
expression systems to express the gene encoding the protein of the 37 kD protein family. 

An essential requirement tor the expression of the nucleic acid sequence is an adequate promoter operably linked to 
the nucleic acid sequence It is otvious to :hose skilled in the art that the choice ot a promoter extends to any eukary- 
otic, prokaryotic or viral promoter capable of directing gene transcription in cells used as host cells for protein expres- 
sion Therefore, an even more preferred form of this embodiment relates to recombinant DNA molecules, i.e. DNA 
molecules according to the invent on to which regulating sequences enabling expression of that nucleic add sequence 
have been added. This can be obtained by means of e.g. standard molecular biology techniques. (Maniatis/Sarnb.'ook 
(Sambrook, J. Molecular cloning a laboratory manual. 1989. ISBN 0-87969-309-6) 

[0019] When the host cells ar^ bacteria, useful expression control sequences which may be used include the Trp 

promoter and operator (Goeddei. -i ai Noel Acids Res ,8, 4057, 1900), the lac promoter and operator (Chang, et al , 
Nature. 2 75. 61b, 19/8), the onto: membrane prote-n promoter ., Nakamura, h. and Inouge, M., EM BO J., 1, 771 7 7b, 
19B2); tlie bacteriophage lambda jromoters and operators (Rerraut. L. et al.. Nucl Acids Res., 1 1, 4677-4688 1983). 
the <£ amylase ■ P subtilis) promoter ano ocera'or. termination sequences and otner expression enhancement and core 
trol sequences compatible with the selected host ceii 

When me nosi ceil is yeasr. useh-i express on control seqeences include, e g o mating factor l or insect ceils the poi- 
yhednn nrpIO promoters of hac.n jviruses can be used (Smith, G F et al , Mo 1 Cell Biol 3, 2156-65, 1983). When the 
host cell is ol mammalian origin m astrative useful expression control sequences include the SV-40 promoter (Berman. 
PW et al., bcience, 222. 524 -52, . 1983) cr the metallothionem promoter (Bnnster, R.L., Nature, 296, 39-42. 1982) or 
a heat shock promoter (Voellmy e al . Proo Nat! Acad. Sci. U^A. 82, 4949 53. 1985). Alternatively, expression control 
sequences present in buhesui n iy a' so be applied hor maximising gene expression, see also Roberts and Lauer 



EP 1 050 541 A1 

with Publication numuer 2 714 J/4, and in US NT IS Publication No US 08/0431 09 (Hoffman, S and Rogers, W Public 
Date 1 December 1993). 

[0021] Another cmbod me it .A tne .nveut.on relates to Live Recombinant Carrier microorganisms (LRU's) compris- 
ing a gene encoding a protein .4 tne 3/ \D protein family according to trie invention Such micro-organisms are e.g. bac- 
tena ana viruses, f hese LRC mcru organisms are micro-organisms n which additional genetic information has been 
cloned An.mais infected with uch LRUs will produce an immunogenic: response not on y against the imn.unogeos of 
the vector, but also against f i; immunogenic [.arts cf the polypeptide^ for which the genetic code is additionally 
ciuned inte- trie I Rc', e g trie / Kl ] orote.n 

M [0022] Live recombinant C irrier paras. tes have i a been described by Vermeulen, A. N. (Int. Joorn. Parasitol u3: 
Ill-U II 30 ( ! 998)) 

Abo, I RO viruses may be ust: J as a way ot Iransportn g t-ie nucleic acid sequence into a target cell Live recombinant 
lcm iei v ruses aie til^o called sector viiuses. I he site cf integration of the gene encoding a 37 kD protein may be a site 
in e viral gene that -s not essential to the virus, o r a site in an intergenic region. Viruses often usea as vectors are Vac 
uinia viruses (Panic all et at, I'mc Natl Acad 3c i USA, 70 4927 (1980), Herpesviruses (C PA 04732 10A2), and Ret- 
roviruses (Valeric, D. et al; in aum, S.J., Dicko, K.A , LoU'ova, P. and Pluznik, D.H (Eds.), Experimental Haematology 
today 1988. Springer Veriag ; New York: pp. 92 99 (1989P 

[0023] I he tecnnique ot ,. > vivo homologous recoml; nation, wel: -known in the art, can be used to introduce a 
recombinant nucleic acid seq ence into the genome of a oacterium, parasite or virus of choice, capable of inducing 
:'ti expression of the inserted hlr eic ac id sequence according to the invention in the host animal. • 
[0024] Furthermore the ii./ention relates to a host ce I containing a nucleic acid sequence encoding the protein 
accordirg to the invention, or i recombinant nucleic acid molecule encoding the protein under tne control ot regulating 
sequences enabling expression of the protein encoded by said nucleic acid sequence, 

The invention also relates to a host cell containing a live recombinant carrier containing a nucleic acid molecule encod- 
ing a protein of the 37 kD tarn : y, or a recombinant nucleic acid molecule encoding a protein of the 37 kD family under 
the confo! of regulating sequences enabling expression o the protein encoded by said nucleic acid sequence. A host 
cell may be a cell of bacterial origin e g Escherichia coli, Bacillus subtilus and Lactobacillus species, in combination 
with bacteria oased plasmids as pBR322, or bacterial expression vectors as pGEX, or with bacteriophages. The host 
cell may also be of eukaryotic origin, eg yeast-cells in combination with yeast-specific vector molecules, or higher 
.«) eukaryotic cells like insect eel s (Luckow et al; Bio-technology 6: 47-55 (1988)) in combination with vectors or recom- 
binant bac uloviruses, plant ce is in combination with e.g. Ti-plasmid based vectors or plant viral vectors (Barton, K.A. 
et al; Cell 32: 1033 (1983), manmdlian cells like Mela cells, Chinese Hamster Ovary cells (CHO) or Crandell Feline Kid- 
ney-cells, also with appropriate vectors or recombinant viruses. 

[0025] Another objective : t the invention is to provide an efficient vaccine against Babesia divergens infection, or 

jf> at least against the clinical rm nifestations of the infection. 

It was now surprisingly toon J. that an immunological response that provides immunity against infection with trie 
Babesia parasite, or at least jn immunological response that sufficiently reduces the level of clinical manifestations 
upon infection (as shown e g .by a decrease of the haematocrit value), can be obtained by vaccination with vaccines 
comprising a protein of the 37 kD protein family or an immunogenic fragment thereof. 

■u) [0026] When a polypeptide is used for e.g vaccination purposes or for raising antibodies, it is however not neces- 
sary to jse the whole polype^ ;ide It is also possible to use a fragment of that polypeptide that is capable, as such or 
coupled to a carrier such £is e g KL- I, of inducing an immune response against that polypeptide, a so-called immuno- 
genic fragment An "immunogt mo fragment" is unde'stooa to be a fragment cf the full-length protein of the 37 kD family, 
tn.it still h.is retained its c..;paf ihty te iii.j.jco an immune- Response n tne host, i e comprises a B or "I cell epitope At 
tn :. moment, a variety of tech. ques is ..i Amiable to easily identify i)NA fragments encoding antigenic fragments (deter 
moantsj if-e method cedent -d oy Oey :^n et al (Patent Application WO 84,03564, Patent Application WO 86/0648/, 
US f-atent NH 4 833,09?. Pi c Matl A- 'ad bci 81 399." 4002 (1984), J mm Meth 102, 259 074 (198/). the so- 
railed f'LPSCAN mettiod .s ( i easy to cedorm. quici\ and well-established method for trie detection of epitopes; the 
ri:mi,i;i: ugioally important km oris of the protein The method is used worldwide and as such well-known to man skilled 

:>o in the art 1 his (empirical) met iod is especially suitable for trie detection of B cell epitopes. Also, given trie sequence of 
the gene encoding any proter computer algorithms are able to designate specific polypeptide fragments as the immu- 
nologically important epitopes or the t»a»is o- their sequential and/or structural agreement with epitopes that are now 
kn jwn. 1 he determination of tuese ecjicns is based on a combination of the hydrophihoity criteria according to Uopp 
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cine 10 3-7 (1992), Berzowsky for HlV-epitopes; The FASEB Journal 5 ?4 12- 24 18 (1991). 

[0027] Iherefore another emoodirnent ot the invention rela es to vaccines inducing protection against infect, on with 
h j;verge/b ur trie cluneal man.te^ahuns o: the infection, comprising at least >ne protein ot the 3/ kD protein family or 
an immunogenic tracjment thereof i: is aear that the protein ot choice selected from the 27 kD protein family, or the 
yene encoding that protein can be a 35 kD prole n or a 37 kD protein, or a mixture of the two The protein or the gene 
encoding the protein car, e g be u.osen from Hauesia divergens strain Rouen 1987 or Weybridge 8843 or any variants 
from other isolates 

[O02ti] More surprisingly it ci so found that proteins ot the 3/ kU pmte.n family are capable ot inducing antibod 
,es thai do not cmy protect agams i itecticn with a homologous B3i , es.\i divergens strain, but also with heterologous 
strains This means i a that a vacune cased upon a 3b kD protein ot e g. B. divergens strain Weybridge induces pro- 
tection against a 3/ kD protein of t c; 0 divergens strain Rouen ana wee versa. 

Also, it was unexpectedly found thit anybodies aya.nsl a protein ot the 37 kD protein family are capable of conferring 
,</.< vivo 'inmunity against botn lu.ini-jlugous cind heterologous challenge 

This is the more surpr.s ncj for ire following reason: antibodies against the 1 7 kD protein mentioned above are abun- 
dantly found after experimental mfechon and after immunisation with fraction 4. Moreover, cx Ba17, a monoclonal anti- 
body against the 1/ kD protein v as described as trie relevant vaccine component in passive vaccination against 
Babesia (Prccigout et al , Experim ;r.tal Parasitology 77: 425 434 (1993), see above) on the basis of the tact that it dm 
matically inhibits in vitro growth of *he parasite. On the basis thereof, the 1 7 kD protein was expected to be the relevant 
vaccine component, ^his antibooy ,iowever. when used as a reference in m vivo experiments, did unexpectedly not con- 
fer any protection at all, nor in a nor loiogous nor in a heterologous challenge experiment (as will be seen in' Example 4) , 
[0029] It was even more surpr singly found, that a vaccine comprising a mixture of two or more different proteins of 
the 37 kD family exhibit a synergistic effect compared to vaccines comprising the same amount of protein bui fmm oniy 
one member of tne 37 kD protein family. T his has the advantage that vaccines comprising a mixture of two or more dif- 
ferent proteins ot the 37 kD proteir family may comprise a lower overall amount of antigenic material compared to vac- 
cines comprising a protein ot only ore member of the 37 kD protein family 

Thus in a preferred form, this embc oiment of the invention --elates to vaccines comprising two or more different proteins 
of the 37 kD protein family. 

[0030] The following may serve as an example: a vaccine comprising a 35 kD protein and a 37 kD protein exhibits 
a synergistic effect compared to vaccines comprising the same amount of protein but from only 37 or 35 kD protein. A 
vaccine comprising botf. 50-75% t f a 37 kD protein and 25-50 % ot a 35 kD protein gives a level ot protection against 
disease that is between 33% and 30% better than that found vhen the same amount of pure 37 kD protein or 35 kD 
protein was used as a vaccine. Thr. holds true for challenge wit i strains comprising a 37kD protein as well as for strains 
composing a 35 kD protein This h ns the advantage that relatively low amounts of immunogenic material can be used, 
yet giving rise to a sufficiently high immune response. 

Such vaccines can be made e g. >y admmng the desired amounts ot the purified proteins, but also by admixing the 
desired amounts of cells comprising the different proteins. Therefore, in a more preferred form, this embodiment ot the 
invention relates to vaccines comprising both 50-/5% of a 3/ kD protein of the 3/ kD protein family and 23 50 % of a 
35 kD protein of the 37 kD protein amily. 

[0031] Such vaccines can alte, natively be made by admixing live recombinant carriers encoding the 37 kD protein 
and encoding the 35 kD protein according to the invention. 

Alternatively, in the case of DNA vaccines, mixtures of recombinant DMA molecules each capable of expressing one of 
the proteins can be made 

[0032] ! is clear, that a vaccine for the protection of cattle against Babes a divergens infection or the clinical mam- 
•eotat on i thereof jar a-so oo b.ist ..! upon the administration ot antioo:nos against a protein of the 3/ kD protein family 
•V. n some*; ot ar.tibo J.es a polycu cil anti ..or urn mi-.ed in e g rabbits against a member of the 37 kD protein family can 
need At deduced above, ant sera against one protein ot ti e 37 kD orotein family snow cross protection against 
jther proteins of ?he 3/ kD prcttnn family. I heretore, any pmte.n et the V7 kD orotein family can be used for the induction 
of such a polyclonal antiserum AKo neutralising monoclona antibodies against a protein of the 3 / kD protein family, 
<iuc.fi as e g the monoclonal antihr dy I T ,T 8 can be used 

I hus, the invention a so relates to /accmes protecting against infection of cartle with B. divergens or the clinical mani- 
festations of the -nfection. that con' prise antibodies against a protein of the 3/ kD protein family 

[0033] AIsj. a vaccine according to the invent-on may comprise a recombinant DNA molecule comprising a ruicleic 
ac d sequence according to the invention and regulating sequences enabling expression of tnat nucleic acid sequence 
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the 37 KD protein family as car ed by the I RC As a result he protein :M the 3/ kD protein family is expressed and pre- 
sented to trie mmune system. n a way that closely mimic : the natural way of expression and immune presentation 

I hereton. wiccnation with a I \C carrying a gene of the 3, protein tafnily uf an immunogenic fragment thereof can 
aovantageousy t>e cseu 

Thus in another torrn of the en oodiment relating to vaccines, the vaccine inducing protection against infection, with 8. 
divergent ur at least against tf e ..Iimca: manifestations of me .nfecnor comprises a live recombinant carrier according 
to the invention 

[003b] When a vacant is maae on trie oasis ot a prj'.eir uf the 3/ kD protein family or an immunogenic fragment 
thereof obtained from an express or system, m pnr capie 1 1 w protein can oe purified from the proteins ot the host cells 
of trie express.ori system I his is nowever not always necessary. If is very well possible to incorporate in a vaccine the 
cells that nave L-een used tor the expression of the protein of choice from trie 37 kD protein family 

! hus, in slil! another form i t the embedment -elating to vaccines, the vaccine inducing protection against infection wi!h 
H dive/gen* ui dt least agaiub the; lIiuiCciI inani'estaticrib ot the infect. on, comprises a host cell according tu the inven- 
tion 

[0036] Additionally, the va .cine according to the invention may comprise one or more immunogenic proteins of 
otner pathogens This is auvar ageous, since vaccination with such a vaccine makes it possible to immunise an animal 
agamst two or more diseases i one vaccination step. 

There are several ways of obU in.ng such a vaccine One is admi>ing a protein according to the invention with one ore 
more immunogenic proteins c other pathogens. Another possibility is the cloning ot a heterologous DNA sequence 
encoding an immunogenic pro em of another pathogen into a live recombinant carrier according to the invention 
[0037] Preferably the immunogenic protein is chosen from the group of cattle pathogens, consisting of Bov.ne Her- 
pesvirus bovine Viral Diarrhoea virus, Parainfluenza iype 3 virus, Bovine Paramyxovirus, root and Mouth, disease 
virus. Pasteureila haemolylica, Bovine Respiratory Syncytia! Virus, Theileria parva, Theileria anuulata, Babesia bovis, 
Babesia bigemma, Babesia n aior. Trypanosoma species. Anaplasma margmale, Anapiasma centrale or Neospora 
caninum. 

[0038] Furthermore, the h terologous DNA sequence may encode a cytokine such as interleukins, 7NF and inter- 
ferons. Several cytokines e g interferons are known to play an important role as immune modulators. Thus it may be 
advantageous to include gene ic information for this kind o molecule into said section. 

[0039] It is obvious that a eterclogous DNA sequence can be introduced at a certain site in said section, e.g. in a 
restriction site without deletinc any nucleotides from the section. On the other hand, it is possible to exchange one or 
more nucleotides with heterologous DNA sequences of equal or different length. 

[0040] Vaccines according to the present invention can be made e.g. by merely admixing of a protein of the 37 kD 
protein family or an immunogc mc fragment thereof, either as such or coupied to a suitable carrier molecule, and a phar- 
maeeutieally acceptable carrier. A pharmaceutical^ acceptable carrier is understood to be a compound that does not 
adverse effect the health ot th animal to be vaccinated, at least not to the extend that the adverse effect is worse than 
the effects seen when the am lal is not vaccinated. A pha "maceutically acceptable carrier can be e g sterile water or 
a sterile physiological salt sol. 'ion. In a more complex form the carrier can e.g. be a buffer. 

Also, the vaccine can be mad by admixing a nucleic acid sequence encoding a protein of the 37 kD family, a recom- 
binant DNA molecule encodin a protein of the 37 kD fam ly, a live recombinant carrier or a host cell according to the 
invention and a pharmaceutic My acceptable carrier. 

[0041] Thus another emb. oiment of the invention rela'es to methods for the preparation ot a vaccine comprising 
the admixing of a protein of th 37 kD protein tamily or an ■■mmunogenic fragment thereo', antibodies against a protein 

uf trie 3/ kD family, a nucleic \ .ad sequence according to t ie invention, a recombinant DNA molecule according to the 
nv.jntion. a live recombinant . nner according to the invention or a host cell according to the invention and a p harm a 
, eotu..ailv adaptable ca r '' or 

[0042] i tit* vace.ne n.o, or nj u, ti *: present inveiiho' may in a pm toned uresentation also contain an adjuvant 
Ad uvan:s \\\ general comprise substances that boost ti e imn one response of the host. A number of different adjuvants 
Hitr known m the ait Lxample* ot adjuvants are I reunns Complete and lucomf)lete adjuvant, vitamin L, non-ionic block 
polymer.-, and poyamin^s Sl ■ n as dexiransniphate, carbopnl and pyran Also very suitable are surface active sub 
stances such as Qui, A (M) 

[0043] Saponins are a pre er.'ed adjuvant Saponins are preferably added to the vaccine at a leve' between 20 and 
1 o0 [iij/nil Within the group c/ saponins, the saconin Quil A is a more preferreo aojuvant 

F urthermore, peptides such is muramyid peotides. dimethylqlycine, tuftsin, are often used Next to these adjuvants, 
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24i? 380) 

Often, the vaccine is mixed with - abihsers, e g to protect oegradation-prone polypeptides from being degraded, to 
enhance the shelf life of the vacc-'i : or to improve free/e-dryr y efficiency. Useful stabilisers are i a. SPGA (Bovarnik 
et al, J bacteriology by: 509 (I9bi ;. skimmed milk, gelatin, bovine serum albumin, carbohydrates e g sorbitol, man- 
nitoi trehalose, starch, sucrose, c extran or glucose, proteint such as albumin or casein or degradation products 
thereof, and butters such as alka t r.etal phospnates 

Freeze drying s an efficief:t metric j fu* conservation hree/e-dned material can be stored and kept viable tor many 
years Stut aye temperatures lor Iree.'e dried material may we. I Ue above ^eio degrees, without being detrimental to the 
matena! 

freeze drying can be dene accon. ' lg to an well-known standard freeze-drying procedures. 
Therefore, in a preferred embcdim. nt, tne vaccine is in a freeze-dried form. 

In addition, the vaccine may be sl; tended in a physiologically cceptable diluent Such a diluent can e.g. be as simple 
as sterile water, or a physiological alt solution 

It qces without saying, that other w .ys ot ad.uvatmg, adding ve nele c:ompounds or diluents, emulsifying or stabilising a 
poiypept.de are also emoodied in t.;e present invention 

[0044] The vaccine according t j the invention can be admi. nsterea in a conventional active immunisation scheme: 
single or repeateo administration if a manner compatible with the dosage formulation, and in such amount as will be 
prophylactically effective, i.e. the ar lount of immunising antigen or recombinant micro-organism capable of expressing 
said antiger. that will induce immui ity in cattle against challenge by virulent Babesia divergens parasites. Immunity is 
defined as the induction of a significant level ot protection in a population of cattle after vaccination compared to an • 
unvaccmated group 

[0045] For live v^al vector vaccines the dose rate per animal may range irom ur to ur pfu (but even < iOOO piu 
mi ght be sufficient e g. for Bovine Herpesvirus carrier virus). A typical subunit vaccine according to the invention com- 
prises 0 1 to 1 0Ong of the polypeptide (or variant or fragment thereof) according to the invention. Preferably at least 5[.ig 
will be present. Such vaccines cai be administered e.g. intradermal^, subcutaneously, intramuscularly, intraperito- 
neal^, intravenously, orally or intranasally. 

[0046] An alternative and efficient way of vaccination is direct vaccination with DNA encoding the relevant antigen. 
Direct vaccination with DNA encoc ing proteins has been successful for many different proteins. (As reviewed in e.g. 
Donnelly et al., The Immunologist > 20-26 (1993)). In the field of anti-parasite vaccines, protection against e.g. Plas- 
modium yoelii has been obtained v th DNA- vaccination with the Plasmodium yoelii circumsporozoite gene (Vaccine 1 2: 
1 529-1533 (1 994)). Protection aga nst Leishmania major has been obtained with DNA-vaccination with the Leishmania 
major surface glycoprotein gp63 gt ne (Vaccine 12 1534-1536 (1994)). 

This way of vacc ination is also ver y attractive for the vaccination of cattle against Babesiosis. Therefore, the invention 
also relates to vaccines comprising DNA encoding one or more proteins of the 37 kD protein family or an immunogenic 
fragment thereof. 

[004 7] Since infection with Bat esia divergens may progress relatively slowly, it may take some time before the diag- 
nosis of Babesia divergens infection is made. In many cases in diseased animals Babesia divergens infection is only 
found to be the cause of the diseas e after the occurrence of haemoglobinuria (visible since it turns the urine red), which 
means that the disease has alreau/ significantly progressed. 

Moreover, babesiosis infection is T. und in different forms. One form is characterised by the fact that Babesia antigens 
are tound in the plasma, but no anybodies have yet oeen formed. This situation is found in acutely infected animals. 
[0048] A second form is the tern in which the Babesia parasites have been cured and the plasma does contain 
ant. bodies against Babesia antige is bul no Babesia antigens. This is the situation found in animals that have devel- 
oped a sterile immun.ty against f.>\..oes;a A third form is the form in which both antigens and antibodies are found in the 
plasma Animals hav-ruj this form f intention are .mmune against 1} atresia but tney are at the same time carrier of the 
parasite 1 hese animals are a potential source of infection for ether animals 

1 bos m order tc determine the Baresia infection status of an an ma it is important to Determine both the Babesia ant 
gen levels and the anti Babesia amiboay level in tne serum Therefore diagnostic tools preferably capable of differen- 
tiating between the various forms ire highly wanted 
Another embodiment of this invent on provides such diagnostic tools. 

[0049] A diagnostic test for ttu detection of Babesia divert ens antibodies in sera can be e.g. a simple ELISA-test 
in which purified protein of the 3/ • 0 protein family or an antiyt .lie fragment thereof is coated to the wall of tne wells of 
an L USA plate Incubation witn st jm from mammals to be tested, followed by e g. incubation with a labelled antibody 
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Babes,* divergens in whicn the method comprises the incubation of serum with protein of the 37 kD protein farrvly or 
ai antigenic fragment thereof 

[0051] A d.agnustic test tor tf e Babes,* antigens anci therefore suitable tor the detec tion of Liauesul dive.gens par 
asues can e.g aisu be a star^o rd t. L. ISA test ,n wh ch the wails of the wens of an b L ISA plate are coated wth antibod 
ies directed against a protein e Ine 37 kD protein family 

[0052] The invention also elates to methods for the detection of Babesia divergens parasites, that comprise the 
ineuhahon of serum with antib. d-es against a protein of tl e 37 kD protein family 

[00b3] A quant tative, or u i petition L Lib A not or.iy sraieatmy the presence or absence of Babesia antigens out 

. . t . ... : ,„f . £ - .ion r^.n r.t th^ mupntion Such an ELiSA is weli known in the art 

aiso II Kiieaiu ig u ie ai hjui u l>i JucjiJ dimjLiu., f ^«-- — - — 

Inus this embodiment of the r-vention also relates to comf.etitive ELlSAs. 

[0054] Antibodies or denv lives thereof (e q fragments such as Fab, F(ab>, or Fv fragments), which are directed 
against proteins of the 37 kD ,mte,n family accord^ to hie invention and have potential uses in passive immuno- 
therapy, diagnostic immunoass iys and ... the generation of etnti-idiotypic ant-bodies can be made aceord.ng to standard 
techniques as indicated below 

The proteins or immunogenic fragments thereof according to the invention as characterised above can be used to pro- 
duce ant.bod.es, which may b, polyclonal, monospecific or monoclonal (or derivatives thereof) If polyclonal antibodies 
are desired, techniques tor pre facing and processing polyclonal sera are known in the art (e.g. Mayer and Walter, eds. 
Immunochemical Methods in L ell and Molecular Biology. Academic Press, London, 1987). 

Monoclonal ant.bod.es. react., agamst the protein according to the invention (or variants or fragments thereof) accord- 
ing to the present invention, c n oe prepared by immunisi -.g inbred mice by techniques known in the art (Kohler a^d 
M-lstein, Nature, '?S6, 495-49 1975) 

Antibodies against any of the polypeptides of the present invention anti maoe e g m u,, c u. u,c ,,.»...h..o - — 

above, can be used i.a. for vaccination purposes, especia. - in immunocompromised animals. 

[0055] All kinds of antiboc es against a protein of the 37 kDa protein family can be used in the diagnostic tests 
described above. Polyclonal a t.bodies obtained by injectk n of the Bd37 protein to an animal have a high affinity with 
all proteins of the 37 kDa prote n family. Nevertheless, the antibodies of preference are specific antibodies made by the 
hybr.doma cell line deposited .vith the ECACC under accession number 99031816. They have a high affinity with all 
proteins of the 37 kDa protein arnily tested so far. 

[0056] The diagnostic tests for the detection of antibodies against Babesia divergens are preferably in the form of 
a kit comprising 37 kD protein in a purified form The antigens could e.g. be purified through standard protein separa- 
tion techniques over a suitable column. Another possibility is separation on a PA AGE gel followed by Western- blotting. 
On the Western-blot, the 37 ! D protein will form a specific band, separated from other Babesia divergens protein 
bands, and thus is also consu med to be purified Also, a pure form ot the protein can be obtained by expressing one 
of the nucleic acid sequences iccording to the invention. 

In principle, the easiest way of naking such a diagnostic test system is to use purified whole 37 kD protein as explained 
above. It is however very well | jssibie to use only part ot the 3 / kD protein. This with the proviso that the fragment used 
still comprises an antigenic de ermmant ot the protein. All antigenic determinants of the 37 kD protein will induce anti- 
bodies by definition. Therefore tne use of a 37 kD protein fragment comprising even one single antigenic determinant 
of the 37 kD protein will be cat, able of binding to anti-37 kD protein antibodies. 

Therefore in another embodm ant the present invention relates to a diagnostic kit for the detection of antibodies against 
tiabesia divergens, in which toe kit comprises a purified protein of the 37 kD protein family or fragments thereof still 
comprising an antigenic determinant. 

As mentioned above, the proh n car oe purified directly from cells infected with the parasite It is however also possible 
.,; tJ , lt standard expression sy terns such, as bat to- a'., parasite, yeast, baoubv rus or mammalian expression systems, 
i.f whiul a large variety has >,<un downturn m me a-t. tor the expression of the i/ kD protein the protein thus 
t. xpresstMi i. t »n easily be purih u 

[0057] n sti'l another em od.meru the present invention relates to a diagnostic kit fur the detection ot Babesia 
(//wr?tv)s paras. tes, in which >e kit c omprises antit)Od.es ;eactive with an antigenic determinant on a prote. n ot me 3/ 
k I ) family/ 

[0058] finally, still anothei imbcdiment of the invention relates to the use of a protein ot the 37 kD protein family or 
a nrnture of such proteins to the manufacture of a vaccine inducing protection against infection of cattle with B 
diverts or the elimca ! manr .-station-- of the inferior. Such manufacture is described above where methods for the 
preparation ot vaccir.es are de -.cibe J 
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EXAMPLES 

Example 1 

Growth of Babesia divergens a id Genomic DNA extraction 

[0059] An >n vitro culture A Babesia divergens was grown according to Grande et a! (Parasitology, 115. 81 84 

When parasitemia trom in vitro c tture reached 50 "o, ii. divergens parasitised erythrocytes were pelleted by centritu 
n> yatiori 6 nun. at 250U y 

Supernatant was centnfucjed 20 .in at 1 bOOO g : the pellet, containing merozoites, was washed twice in RPM1. 
Infected fed blood cells were lyse J in 5 volumes cf lysis buffer (5 niM EDTA , 1 00 rnM NaCI; 20 rnM Ins pH 7.5, 0 5 % 
I ntun X 1 00, 0 5 c o SDS) suppler tented with proteinase K at a final concentration of 1 mg/ml, 1 h at 37"C. 
DNA extraction was performed in 3 steps with phenol, phenol chloroform and finally chloroform : isoamyl alcohoi (24 
t:> 1) : addition of 1 volume of phen >\ or phenol chloroform cr cnloroform : isoamyl aicohol (24 : 1 ), vortex 1 mm., centrit- 
ugation b mm at t 0000 g, ano trc.nsrer of the top aqueous phase in a fresh tube. 

DNA was then precipitated by 2 v jlumes of cold ethanol 1 00 u u and 1/10 volume of 3M sodium acetate pH 5.6, 1 h at 
80 C After centnf ugation 15 mm it 10000 g at 4"C, DNA pellet was washed with ethanol 70%, dried and resuspended 
in ster.le water ; 

Plasmid miniprep 

[0060] A single plasmid color ' was picked up into a tube containing 1.5ml of LB medium (10 g of bactotryptone, 5 
g of yeast extract and 5 g of NaCt m 1 litre of distilled water, mixed and autoclaved), containing the appropriate antibiotic 

cs and incubated overnight at 37^0 Cells, pelleted by centrifugation 30 seconds at 10000 g, were firstly dissolved in 200 
ul of a solution containing 100 mM Tris-HCI pH 7.5; 10 rnM EDTA, secondly in 200 u4 of a solution containing 200 mM 
NaOH. 1 % SDS and thirdly, after o min. at room temperature, in 200 \x\ of a solution containing 3 M potassium acetate 
and 5 M acetic acid. After incubat'on during 5 mm at 4°C and centrifugation 5 mm. at 10000 g, plasmid DNA contained 
in the supernatant was precipitat. J by 0.7 volumes of isopropanol : it was then dissolved in 200 yi\ of TE buffer (10 mM 

no Tris-HCI pH 7 5 ; 1 mM EDTA). F< r sequencing, a phenol-chk roform extraction and an ethanol precipitation were per- 
formed, as previously described. 

cDNA library construction 

nr> [0061] A cDNA library was ot tained from mRNA derived from B. divergens Rouen 1987 cultures as follows: 1 0 9 
infected erythrocytes were pellete J by centrifugation of culture and treated by a lytic agent containing guanidine thiocy- 
anate, using RNA agents ( ^ lotal RNA Isolation System kit (Prornega) Total RNA were then purified by phenol : chlo- 
roform extraction and precipited with isopropanol. With total RNA as the starting material, the poly(A) mRNA fraction 
was isolated by hybridisation to a biotinylated olgo(dT) punier, using PolyA Tract mRNA Isolation Systems kit 

■to (Prornega) The hybrids were captured and washed at high stringency using streptavidin coupled to paramagnetic par- 
ticles arid a magnetic separation stand mRNA were eluted by water arid cDNA were synthesised, using ZAP Express 1 ™ 
cDNA Synthesis kit (Stratagene). 

cDNA synthesis was performed o> reverse transcription, using a primer which contains a poly(dT ) sequence and a Xho\ 
restriction s to / coH adapters w< re added to the 5' end of 0,4 4 isbp cDNA fragments [s\ze fractionated on Sephacryl 
■)■ S bOC spin Columns;. dMer \ho\ ligestior cDNA was lujateJ into the X ZAP II Express Vector in a sense orientation 
;/ ooftt A7;ci ; wi»n respect to Use U c/ promoter, usiru; a ratio ot 1 50 ng of cl)N A :o 1 ug of vector Recombinant ambda 
pnages were trien packaged in G japac k ii packaging extracts from Stratagene, and plated on NZY agar plates, using 
Xi i hiue MRt ceils to lie arnpiiTi -u ano titereo as recommenced by trie manutaotu r er (Stratagene) 

l n) cDNA library screening 

[0062] [he polyclonal antibud/ directed against the 3/ kDa orotein family (u Hd3 7) was used for the screening of 
the cDNA library of Li dive ripens Rouen y87 

i or scr>-e'- 4< inn vr >^:)i f :-in! * f *■.>■■' <t j a i-bm'v W'-r, 1 : -,t,---i .^.•^•j v • n . ,. M^m ,- r -,Mc v«.-.r i. r,- AV .». 
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[0063] Positive plates wen ' transferred in 500 ul ot SM buffer, incubated 1 n at 37 U C and stored at 4^C Following 
purification ot these positive pU '.i, cDNA encoding tne 3/ hDa protein was excised out of the X-ZAPII phage in the form 

!r lt - K 4 :?;ri-nycin resistant pi*- c MV pnajemid vector use g a helper phage, as recommended by Stratagene 

cDNA sequencing 

[OObA] l uc- of p avoids c; "vmg t i)NA encoding the 3/ kDa prole if, of divergens Rouen were seouenced by 
u ..,.,. ; j, K; ■ ; >t;V | UcfK in j :f/ kit n ii iriiMLia Hiotech) Alter de saturation with Na^Ji, neutralisation and ethano! p'ec pita- 
" .. , , ..... ,.. , .... * r.., l ,rr; J n,i^, ■ '> i,i s . / ,t u/at c *r Annp^iinfi rp^rtKvm were made us int.] 1U 

pr-io! ui primer and then, UNA were sequenced us-r.g the ciideoxy method ot Sanger el a/ i.( 1 J//) Proc Na//. /icac> 
.Sc. /4 { 2) 5463-7) us, ig the reagents and procedures ot Pharmac ia Biotech 

Pnmurs ustrlu! luf reading the * nine ^equefiec were synthessed by Euroyentec. 

Analysis of the cDNA sequer ce encoding the 37 kDa protein 

[0065] The sequence of tt e cDNA encoding the 37 kDa protein (1208 bp between restrictions sites EcoR\ and 
Xho\> or owed trie presence o* t polyi,A) UJ tail and acoaing region of 1023 desoxyribonucleotides, giving a single open 
reading frame of 3-1 1 amino ac ds, without repetitive motif 

Analyse ot the hydrephihcity pi Mile revealed two hydrophobic sequences, at each extremity of the protein : from amino 
acids t to IB at trie N termma. end and from ammo acids 321 to 341 at the C-terminal end of the protein. The hycko- 
phoh r segment at the N termi; ai end could correspond to the signal sequence of the 37 kDa protein and the presence 
of such ;i cieavabie N terminal signal sequence suggested that the 3/ kUa protein is a seereTed protein Howevei, iiie 
presence o' arotr er hydrophobic segment at the C-termina! end of the molecule indicated that the 37 kDa protein cou.d 
interact y be anchored m the i membrane of parasitic vesicles during the secretory pathway to be on the surface cf the 
parasite at the end of this process. These observations are consistent with the pattern of immunofluorescence obtained 
on B diwroens .nfected erythrocyte since the labelling was observed both inside parasitic vesicles and on the surface 
of the parasite The finding of t ie 37 kDa protein in the supernatant of in vitro culture could result in a cleavage of the 
molecule either from the surtae'e of the parasite or from secreting vesicles 

Cloning of the 37 kDa protei gDNA from different isolates of B. divergens in pGEM®-T Vector 

[0066] Genomic DIM A (gDDA) of the B. divergens Rouen 1987, Weybndge 8843 and Y5 isolates were amplified by 
Polymerase Cham Reaction (F CR) ana cloned in pGEM®-T vector System II (Promega), in order to be sequenced as 
described above 

gDNA from B divergens Rouen 1987 and Weybndge 8843 were amplified using primer Bd37-5 (sense oligonucle- 
otide). 5' (JAA1 I CAC'jACCAIACCjAAIA-3', and L3d3/-Low (antisense oligonucleotide), b'-ACAGGAI CCAAAAGC IA- 
CATAGCTGTCCACT J", whe as gDNA from B. diverges Y5 were amplified using primer Bd3/-Upp (sense 
oligonucleotide). 5' -C A AG GAT ;CTOTAAGTACGATGAAAACCAGTAA-3\ and Bd37-Low. To perform the PCR, 100 ng 
of each gDNA were incubated v.th 0.5 ^1 of each pnrner at 10 pM, 4 ul of d NT P ( 1 .25 rnM each), 2.5 ul of 1 OX enzyme 
buffer and 1 unit of hiq DNA , olyrnerase (O^yrne) in a final volume of 25 ul. The following conditions were used : 3 
mm. at 94' C, 30 cycles of 1 rn ». at 94 C , 1 n in. at 50°C and 2 min. at 72 C, and then 5 mm. at 72°C. 
PGR products were purified by electroelution they were subjected to a 1 % agarose gel electrophoresis The expected 
t)e.nd was. vioucil^ed under UV exciseu and cubjee'ed to eiectroelution m 400 ul cf TAG butter at 100 rnA during 1 h. 
Iht: elu h.;eiuled materials w, . phono: ex traced a ad uthanol precipitated as o esc rived above 

; ',.ac!i -n .va« pert rnu.-o by addir g So ng of e; en gDNA le 50 ng of pGf.M vector and 3 units of 14 DNA 

j; K . t . if, ; | ( . ,. / \ \)^ } ;Xappm| iatt: OjtU.-r, (firing 5 n a*. 1 0 C 2 ul of each ligation mix wer e used tor !ht: trar stui n iuhc n 
react on n .JVinj High Lt'ice cy Competent C; tills, as rec ommendea by Promega. 

Mei-onib.nant ve< tnrs were visi ahsed. using blue- white sort ^ning ■ some wfVite colonies were picked up and transferred 
in 50 pi ct stenle water Aft.rr vortex, tubes wt re boiled for f- mm and centrifuged 1 mm at 1 0000 g • 10 pi of t he super- 
natant were u-ed tor a PU\ reaction as described above, with T3 and 17 primers, in order to verify the presence of the 
insert D>r sequencing of tf e ' ,ert a culture of 1.5 ml in LB of the recombinant vector was used for a plasmid minipreo. 

a::- pr eviously cit.-scr it)ed 
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Transition Mt iBoehnnger Manrv'e.m). w.th the Red.vue- [«. -*'P]dCTP (3000 Ci/mmol) at a tina. concentration ot 20 
mP, (Amersham) and then pur.f.e i using Pr .be Pur,t,cat,on a 4er labelling kit (Jetmck; as recommended by manufac- 
!;,,, MemLrane, are t.rstly ,ncu: ..tea n , or.hyo, dizaticn .oUion (bxSSG. 0 b % SDS ana 1 g,i o- Fieol: type 400. 
..'.lyvnylpyrrouaone ana Bovme : can. Alhumme). t h at bb-CJ ana then hybnuized overnight at bb'L in 10 ml ot the 
same solution supplemented w,K: 1 mg ot herring sperm ON A and the denatcrated labelled probe Membranes are 
washed thre. ttrres tor ,b m,r. a. 6b C ir h,SSG and exposed to Btomax MR- 1 tun, (Polylabo) at -BO'C. during 46 

| -HA the: hybud.ses to the UNA u, » « ■ ly Ocnd- N 1 1 leinbr aue con .p. set: a gene encoumg a protein of the 3/ KD protein 
tdlii.ly 



Example? 

Cloning of the Bcl37 cDNA in tl : pGEX-A vector 

[00681 In order to express a , combmant Lid,/ protein. U , cDNA was sub cloned in the C coi, vector pGEXA In 
u ti-st step the entire coding regio ., o! the cDNA was amplified by PC R using primers Bd37 Upp (sense oligonucleotide) 
,nd Bd37 Low (antisense oligomcleof.de). wh.cn contain BamH\ restriction sites. The PGR products was then sub 
cloned ir, the pGEM® -T vector, s described above in a second step, 500ng of P GEX-A vector and 500ng ot the 
pG£M'- T vector containing Bd3, cDNA were digested with 30 units of BamH\ restriction enzyme. 3 h at 37"C, in the 
appropriate buffer (Life technologies), in order to be ligated 

After phenoi/chloroforme extraction and elhanol prec ipitation, the pGFX-A vector was dephosphorylated, using 0 0015 

units of Calf Intestinal Alkaline Phosphatase (Promega), l n at in me app.up.ia.e uu„ cl 

excised cDNA fragment was punt ed by electrocution, as describee above. 

The ligation ot 1 00 ng of BamH\-c jt phosphatase treated pGEX-A vector with 1 00 ng of Bd37 cDNA fragment was per- 
formed using 15 units of T4 DNA igase, in the appropriate buffer, during 1 h at 25"C. 1 pi ot the ligation mix were used 
to transform 75 pi of Epicurian C .li® SURE'®2 supercompetent cells, as recommenced by the manufacturer (Strata- 

gene). . 
Recombinants were determined .y hybridisation : Hybond-N (Amersham) filters were applied 30 seconds on plates, 
denatured 1 mm. with 1 .5M NaCI 0.5N NaOH and neutralised w.th 1 .5 M NaCI, 0.5 M Tris-HCI pH 7.5. The filters were 
rinsed in 2xSSC air dried and ex >osed, DNA side up, to UV (^>254nm) during 3 min. 

A PGR was performed on B. emergens Rouen 1 08 7 cDNA, using internal primers Bd37-E1 (sense oligonucleotide), 5 - 
GAAGGTGGTGCGAATTCAAAG 3' and B037-E4 (antisense oligonucleotide), 5 ' AT AC A ATG ATAC C G A A IT C A AT GG - 3 
0 2 pg of the electroeluted PGR ragmen! were used to synthesise a nucleotide probe using Nick Translation kit (Boc 
hunger Mannheim). The probe w s labelled with the Red.vue- [a *P]dCTP (3000 Ci/mmol) at a final concentration of 
20 pGi (Amersham). The excess of triphosphate deoxyribonucleosides were discarded on a column of glass beads 
Masperlen 0 25-0 3p from Braui ) and Sephadex' 5 ' GbO supedine (Pharmacia) 

Membranes were prehybndised u bxSSG + 2 .«>-'. non tat milk, l h at 6b"C, and hybridized overnight at bb"C in OxSbG 
+- 5% non tat milk containing he ring sperm DNA at 1 00 pg/ml and the denaturated labelled probe. Membranes were 
washed three t.rnes tor 1 5 min a. 65 "G in 6xSSC and exoosed to Biomax MR 1 film (Polylabo) at -80"C. during two 



hours. 



The correct or.entation of the Bci: 7 fragment in the positive recombinant pGEX-A vector was controlled by performing 
PGR on the purified recombinan vector using the 5'pGEX primer (Pharmacia), combined w.th the internal Bd37-C4 

[oo69] !v same procedure as be, n 'oheWe.J, using 1 UU ng of genomic DNA from 11 uivcrgcns Weybndge BB43 
, ti , tfu , ,.tart ng material, in order «, .:ione i gef.e encoding a 3b kDa protein in the pGt. X A vector and to express a 
itioumt.inant b'J3i protuin _ 
[0070] l as'iy. as a sontrol. 1 00 no ot native pGLX-A vector were used to transform fb pi ot cpicunan l,o!i 
SURL CHj 2, sapercompetent cells, n crder to produce native glutathione S-transferase (GSI ) 

Production of recombinant GS . GST-Bd37 and GST-6d3f: proteins tor a vaccination assay. 

[0071] !he afferent .onstan s when express GST or a fusion prote.n of Bd3/ or Bd36 protein with GST. were 
induced by IMG I he bacterial . uiures wer, qrowtt cverni.ht and diluted 110 with LB medium suopiemente J witn 



EP 1 050 541 A1 



Production of a recombinan 37 kDa protein in insect cells for a vaccination assay 

[0072] -or the prouuctior uT trie recombinant DIM A n baculovirus, the cDNA encoJinj the 3/ kDa protein was 
cloned according to standard \ rooeuures into the Bac to-Bac ' M vector provioed by t ife Technologies, 8/1 7 Grovemont 
Carole, PO box 6009, Gaither bury , MD 20884-9980, USA. 

Six T 7b flasks were used fur V e culture of infected and non-infected SF9 ce ; ts, containing each 7.5x1 0 tJ SF9 cells in a 
final volume of M: m: of MYO :CM < medium (Hyclone Europe NV, Belgium) : three of these flasks were infected with 

b ui of Bd3/ l virus t 9x1 ■' pfu.-ml , which corresponc to an infection of Sf 9 Ceiis at a mulaphcity of infection ot U b 
Invoices and non nfocted ceil. 1 (Ml ! were co! ected bO h pust-intection in a final volume of 7 o ml of CCM3 medium and 
m treated by u 3 'o Tr ton X-1U0, i n at room temperature An aliquot of 1 00 ul of intectea and r.on-intected cells were dis 
scciated in 10 ul of 10X Samp e Suffer and bulled during b mm. Two aliquots of 25 pi from each sample (one used tor 
c» Cuumassic Blue staining an J ^nu used fur an immunobl ottiny using the monoclonal antibody F4 2F8 at a dilution uf 
1 50) were buLmitted to a 12 ° SD3- PAG E . These infected cells, expiessing the 37 kDa protein, and non infected celts 
have been used to immunise ■ emils, in order to test the immunoprotective effect o f the 37 kDa protein 

/'. 

Example 3 

Vaccination assay with a re ombinant 35 and 37 kD prjtein of the 37 kDa protein family 

un [0073] The vaccination as ay has been conducted on 5 groups of 1 0 gerbils, in order to test the immunoprotectjve 
effect of the recombinant Bd3: protein, either expressed in the procaryotic system (using the fusion proteins GST Bd37 
or GSI-bd35) or in the euka. /our Hao-to-nac system (u ;ing the recombinani Bac-Ru37) Three different doses of 
recombinant proteins, compris ng of 5 pg, 25 ug and 125 pg, have been tested (See table 1 ). Negative controls groups 
have only received the equivalent of native GST or non infected insect cells. Each vaccine preparation have been adju- 
vanted with the Quil-A adjuvar t. A positive control group have received 300 pi of supernatant from B. divergens Rouen 
1987 in vitro culture. A challer ge control group only received 10 6 parasitized erythrocytes. 

Animals 

jo [0074] Gerbils (7-8 weeks of age) were used. The animals received food and water ad libitum. 
Parasites 

[0075] The challenge stra n used was B. divergens Rouen 1987 and each animal received 10 b parasitized erythro- 
cytes in a final volume of 100 i! 

Vaccine preparation 

[0076] Recombinant protons (GST, GST-Bd35 or GST-B037 protein, infected or non-infected insect cells lysate) 
•jo were produced as described tbove (cf fig 3) 

Supernatant from B. divergen Rouen 1987 in vitro culture was harvested when parasitemia reached 30-40% in RPMI- 
Albumax, centnfuged at 1000" g for 15 mm., passed through a filter-membrane (0.22 pm pore-size ; Gelman Sciences) 

and stored at 80 C unl. I use 

[0077] i ach preparation . iSI. GS I Bd3b or GST B0b/ protein, infected or non mlected insect cells lysate and 
supernatant from tn vitro oultu ot war, d luted in R.RMi in oru^r to obtain 1 b doses each containing the expected quantity 
,,t i ouomOifui'it proUan .or uq iva-ont; in r. fir ai voiume o" 3 -1 ml. 100 ul of a stocx solution CJui! A at b H mcpml reive 
[ lr ,.:i ad: led to each vat ar o | : t.-paration A close ot 300 pi has been injocteu subcutaneously to each cjerbil. 



I able 1 



Gr': up 


Vaccine 


Quantity 


Nb of injection 


Challenge 


\ 

\ - 


US1 Bd3 7 






H 
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Table 1 (conti ued) 



Group 


Vaccine 


Quantity 


Nb of injection 


Challenge 


b 


uS I 






R 


6 


GS'l 


12,5ng 


2 


R 


/ 


GS I 


62,5ug 




R 


b 


uae-bcui / 


bug 




R 


9 


ly-ic lj(J37 






n 


1 U 


bac Bd3 7 


Ui'oug 




R 


1 1 


NIC 






R 


1 2 


NIC 


1^5py 




R 


1 3 


niu 


1,'bug 




H 


1 4 


SN R 


300ni 




R 


lb 


/ 


/ 




R 


R B (>/w ryens Rouen 1987 strain 
NIC : nor nfected insect cells 

SN R : supernatant from B. divergens Rouen 1987 in vitro culture 



Vaccination procedure 

3S 

[0078] Priming and booster inft ciions have been done subcutaneously with a 3 weeks interval. Animals were chal- 
lenged with B Jivergens Rouen 1987 intrapentonealy, 3 weeks after the booster injection, with 1 0 6 parasitized erythro- 
cytes ( 1 00 ulKjerbil 

[0079] At days D 43 D -22 ant ' D-1 , a blood sample has been collected from the animals of each group. The serum 
jo samples of each group were teste : by immunoprecipitation an i immunofluorescence in order to analyse the humoral 
response of trie gertnls against the recombinant 37 kDa proteir 

Results 

Jh Immunoprecipitation 

[0080] The sera from each ge. >il, from D-43, D ^' and D-l, were used to immunoprecipitate 3 ' J S-radiolabelled B, 
divergens Rouen I 987 total antige is 

Firstly, from figure 4, it can be seen that non-infected insect cells and native GST are not immunogenic in the sense that 
■io the humoral response doesn't cross-react with B. divergent antigens (groups b to 7 and 11 to 13) : the pattern observed 
corresponds to the nun-specific re: ponse. 

f or all the sera from gerbtls vaccinated with the 37 kDa recombinant protein, a strong humoral response against the 

protein ii> spei.. fn.cilly ubserved Ujr H.ps ; lu 4 and H Ij 10), whereas controls vaccinated witli NiC (nun -infected celib) 
or native GS I .in.- fu.g.itive 
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Protection 
[0081] 



I able 2 A_: 



Groups 


1 


2 


3 


4 


5 


6 


7 


Challenge 
doses 


10 fl para- 
sites 


10" para- 
sites 


10° para- 
sites 


To* para- 
sites 


10* para- 
sites 


10 6 para- 
sites 


10* para- 
sites 


Challenge 
strain 


R 


R 


R 


R ' 


R 


R 


R 


Number of 
gerbits 


9 


To" 


10 


10 


10 


10 


10 


Vaccine 


GST -3 7 


GST~37 


GST-37 


GST-35 


GST 


GST 


" GST ~ 


Dose (ng) 


5 


25 


125 


25 


2,5 


12,5 




62,5 


Number of 
gerbils 


9 


10 


10 


10 


o 




0 " 



Tabic 2B : 



Groups 


8 9 


10 


11 


12 


13 


14 


15 


Challenge 
doses 


10* para- j 10* para- 
sites sites 


10* para- 
sites 


10* para- 
sites 


10* para- 
sites 


10* para- 
sites 


10* para- 
sites 


10* para- 
sites 


Challenge 
Strain 


R R 


R 


R 


R 


R 


R 


R 


Number of 

gerbils 


9 10 


10 


10 

~*~~NI(f~ 


10 


10 


10 


10 


Vaccine 


Bac-Bd37 Bac-Bd37 


Bac-Bd37 


NIC 


NIC 


SN R 




Dose (ng) 


5 25 


125 


5 


25 


125 


300ul 


/ 


Number of 
gerbils 


8 10 


8 


1 


1 


0 


10 


0 



Table 2 Protectior with rec ombinan t 37 kOc protein expressed in a p ro caryo tic (A) or 

eucary oUc (B) syot e tj 



C o n c 1 1 j s i o n 

[008?] As ::an In: seni !n n !able .-'A. .1 !otai imm.jnuproh'Ohon is oc -nft-rred to tjerbils vaticinated with GSI Rdo/ 
df j ubl tiJLib. respective y acjains: a homologous or heterologous challenge with B. oivergeos Rouen 198/ (which 
encodes a j/KDa protein) Gt : L)ils did not present any fall ol haematoont and any positive parasitemia Fhese results 
were obtaireij with very low (S ug) doses as well as with high doses (K'ir ug) ot recombinant protein Contrary to this, 
ali control t:e rl«i Is. vaccinated .-ilh native ^ j S I . died 
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system LSed 
Example 4 

Passive immunisation with monc clonal antibodies F4.2F8 and homologous or heterologous challenge 

[0083] Hybricioma p'oducruj t h tr mAb Y 4 2KB were grown and The monoclonal antibodies were purified according 
tc standard procedures lor tne pn )ara:ior or monoclonal ant i todies ! ne monoclonal antibod.es were injected intra 
pentoneaiy in cjeruils ancj the corn Titrations of K4 .- f ti were rraintened by multiple injections, starting one day before 

in the challenge and continuing seve : il days after 

As an antibody concentration of H J ^itj/ml is needed { \ % of u :al yerbil immunoglobulins), 0.5 nuj of antibodies in cul- 
ture medium was dai y injected pe jerbil The experiment wab continued during 7 days after challenge. 
[0084] Iwu different challenge Dtrain^ were Lbed B dive, .yens Rouen 198/ (comprising the 37 KDa protein) and 
Weybn dye 8843 (comprising the 3i KDa protein) Gerbils were challenged by a high dose ( 1 0 b parasitized erythrocytes 

i ■ by gerfc: ih or a low dose ( 1 0 A paras tized erythrocytes by gerbil) I he volume of trie challenge dose ( 10 b PC or 1 0 :i PL ) 
was 1 00 nl 

I or cacti strain of challenge, a firs, control group (isotype control) has received an unrelated mouse monoclonal anti 
body lc;G2a, which is an antibody against a non 37 kDa protei i having however the same isotype as F4.2F8, in order 
to test the non specific activity. A second control group (antibody control) has received the monoclonal antibody u- 
-v Bd1 7, directed against another B diveryens protein, the 17 kDa protein described above (Precigout et ai. (1 993), Exp , 
Parasitol. 77 (4) 425-34) A last control has not received any injection of antibodies (no antibody control), in order to 
cartiro 1 , virulence of the strains 

Results 

c*> 

[0085] 



J0 




A-Homologous 


B-Heterologous 


J5 




Rouen 
(37 kDa) 
0'' parasites 


Rouen 
(37 kDa) 
1 0 1 parasites 


Weybr. 
(35 kDa) 
1 0'' parasites 


Weybr. 
(35 kDa) 
I 0 3 parasites 




mAb F4.2F8 


1 00 


100 


100 


100 




a-Bdl 7 control 


n d. 


30 


n.d. 


10 




isotype control 


n.d. 


20 


n.d. 


40 




no antibody contiol 


0 


20 


0 


0 



Kjbie _ j bmrpioflous > A) ;mrl heterologous (Bj challenge results after passive 

immunisation 



Conclusion 



homologous challonqe results 
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!engc 

heterologous challenge rest Its 

[0087) As toIIows from lab - 3h. the 37 KDa antibodies do not only provide full protection against homologous chal- 
lenge i a strain expressing the . / h.[)a p'otem). but also against heterologous challenge (a strain expressing the 3b kUa 
protein) 

I heretorc it can be concluded nat pretems o" the 3/ Kl.)a protein family accurung to trie lOVeniior inouce an antioody 
response that gives protectiun tyatns! cha 'ef ge with bom homologous fta/>esya iitvt*njtn)s strains but also aga.nst net 
hi erologo^s strains 

Example 5. 

Synergistic effect of vaccint i comprising both a 35 kD protein and a 37 kD protein of the 37 kD protein family 
Vaccine preparation 

[0088] B. divergent Ruue. en Weybrtdge parasites we. e propagated m human erythrocytes in RPMI 1640 medium 
supplemented with 5 g/l Albur, ax* 5 . Culture supernatants ' ,-ere harvested at 30-40% parasitaemia, and passed trough 
su a 0 22 [mi filter 1 he total volu te was kept at 250 ui One dose ot vaccine contained 23.3 pg of Quil A • 

immunisation procedure 

[0089] Vaccination of gerfc Is was done with volumina of 250 fil, comprising supernatant of Rouen/Weybridge in a 
jr> ratio of 0/100, 25/75, 50/5C, 7*725 and 100/0. Vaccination was done twice, with a three week interval. 

Challenge 

[0090] Gerbils were challenged intraperitoneal^ with 10 3 or 1 0 b parasitized erythrocytes/250ul/gerbil at three 
.yo weeks after booster injection 

Challenge strain 7107b was passed through gerbils to prepare the challenge inoculum. After developing babesiosis, 
animals were sacrificed and the level of parasitaemia was determined 

Rank score analysis 

[009T ] Survival, minimal I JV (Packed Cell Volume - haematocrite) and parasite load were submitted to rank score 
analysis For each parameter, groups were ranked. The best group was ranked 1, the second best 2 and so on. After 
ranking the different parameters the total scores for each group were determined. The total net rank score was 
expressed as the difference between the control and vaccinated groups. This total score can be described as new 
■10 parameter protection babed u jqw the different parameters mentioned above. 

Results 

[0092] 'V, t ;ir hi- i. eahy 
r . «.. i i. r dir ' i !• - U ; e mvei ■ ■' : j:Vi 
U- h • . •'• ; l ! . V..j. ■. iaa- 

C onclusion 

[0093] Vaccination with a nixed vaccine comprising botti 35 k(j and 37 kD protein has a synergistic effect Such a 

vaccine protects, when given n low (i e below tne optimal protective) doses, even better against challenge with both 

in. -mo I oil;.) us and net nn.h ; u sf nuns than ci mparable luw amounts of vacc nes babed upon pare 35 kP, or 3 / k[ ) pre 
te n 



: « r tn.'hi ti-jiire 5. a vascihe bubed upon a mixture ol both 35 kl.> unci 2/ klJ proteins 
,i Ot.-tt." pr ate. tier , against t .h.illei u je with both strains umpnsirg : if-j k[) and 3/ k( ) pro 
up*- a the salt e jri.u.idt at ptutei' hahi on y a 3S k[; or a A/ protein 
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Legend to the figures 
[0094] 

Figure ' Alignment of nucleic iud sequences encoding protein of the 37 kDa protein family in 8. divergens strains 
Rouen 1987, WeybnOye and b. respectively SLQ ID NO: 1, 2 and 3 by C lustal method. 

figure 3 Alignment ot amino icid sequences ot the 3/ kua protein tamiiy in tS. divergens strains houen IJB/, 
Weyonaqe and Yb, respective y Sbu. ID. NO : 4,b and b by Uustal method 

figure 3: Recombinant proten s ot trie 3/ KD protein family were produced either in a prokaryotic system (A) or in 
a euNdryotio baculovirus [Bae- ■ o-bac) bystem (B). The following proteins are visible on gel. purified GST-Bd37 (lane 
1) and GST Bd3o (lane 3) tus jii proteins, infected cell lysate containing the Bac-Bd37 protein (lane 3) and rion- 
intecteu insect cell lysate (lant 4). 

figure 4 Immunoprecipitatior of antigens from B divergjns Rouen 1987 by sera from gerbtls vaccinated with 
recombinant Bd37 proteins. 

figure 5: Total net rank score if minimal PCV, parasite load and survival of gerbils vaccinated with a mix of Wey- 
bndge and Rouen SPA (Solub --± Parasite Antigen) challenged with a high or a low challenge dose 
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C V b l,t-u Leu Aid ->.y F !ur As.ii Gly Ami A:ir, Vol Ary C Thr Asn 



,:t.,: d.j: -jy. 
L*u St i ■ h I v 



VJ ■) ,J v.. J • 



T ) \ i l-' r - G 1 y Yd 1 Se: Tli; 



t I." I qtjd dcit ;d T 

: e r b 1 y As n A^p 
4 r 



j i. j ,ici yyt die d . L-.d qaq ddy d -j rag 
-.;;n Sir. . y lit- Tr.r '.In Oil. Gin ho Gin 



'- yt -yy -J - - 1 •» i 1 H : -J '»y V- h- 1 -j 1 t - M 1 >l l J lK J 

Ary "-Iv - : * • Lfr ' J : ' : i ''-V •' : 5 Ai ' 1 1 :,1 " u • ' ' : G]u 
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I •* a 



. , ■ ql q .1. 



V.-. i TM 



u A i a 



lv-- 



Thr Tyr Mu ..yt 

i i', 



• ' - uly 
1 4 -j 



,ii a ao.-j ^<Jt ^ l 
I it: Thi ^ly A-P :;trl 



l ^ 3 ; a .1 l gut: a a: ,:t.t dtq at a aag 

■v d i i.o Ala Aid I-eu Aip Ami 1-eu Met lie Lyt. 



He T,M Ol» 



:L q I '.j q a -i <*».J t I -a 
,t 7a i Glu :ii':r Sei 



■_d t'drt qqt cicl 

'to CAu G 1 y Thi 



ql -1 aq -J 

r-! oil. ~ 



, \ \ a taq t. I ' aqq (jjq qa I. . 

. !,yi I'lir A I CJ I U ASJ> LeU 



A t q A i .i 



Hi i ' e r ,!u 



■ M l " ' " t 1 r J 

Gly CUy oli. Ala Lei: 



: .1 i .i.i 



A:.r. if 



i.-.i j.i.j 



qq>- t ^ 
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. Leu Tyr i " 1 1 V 1 r 



i ; t Ly., A: .j L» ) u 



lt i jgr ga- • gt g t g,:,i yya 

, , K , i y : i r , A^p C-yti Aid A Kt Gly 

. = '1 u u 



, n r l< t c::t nag t 1. 1 , get get gta 

- , . j... - , . i [.vs Y\-s Hie AJj AJrf Veil F*io 



gt - i ♦ g jt 
'Ai , i'ln- '-j 1- V 



iu:.' j 



, - t gtg l ^ at.g etc tad iO 7) 
1 . ; . '.'.i 1 - " l - i I-!*:t Pt't- 



Thi Asm ^ ! V Ala 



EP 1 05( 541 A1 



r\i a -1 



■ ! Giu ilr' Lie Ly^ 
L > h 



Ai , |: Giy t, Ihi I I-eu ...I. Vdl «>: .. Tyi Leu Ar 9 V. 1 lie 



sp Thr Asp jtrli leu l.y, V,l A M . S, t V.l I.ys Vat Thr Glu AU 

1 . i -'• 



Asp 



1 1 h 



Cly Lys Ly, . 1 Ly* Tl.i Tyx U-u lu iys 1 1 «- G 1 y Tl. Thr Gly Asp 



i 5U 



: -1 



M,-I T ! « Ly:> I 1<: Tyi C- 1 Leu 



Thr A*p her r -' lu '-' lu 
1 



Ltf i] Ly s '1 t. r h«r c 



^ Ai-^ .Jlii Asp Leu Aivj Aia Glu Gin 

1 40 



Ala i,c.i • . t 1 



I r-a Thr 'All Pu Gls 
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J A ■ 



i j .J, MlM Mr L .-V; p Lr Li ur. ,j 



fy : '.J J y P r c, I i << P. . M i u H . A:.f . y=, 



,c-: ',,y ul: 



c i Strr Pro Py:> I/,-:. Pro S« i P:.<- A ; .i A J - Vj i Pre,) 3 c i 3ti Leu Cys 



4 U 



:\5 



Ala IL: Val Phfc Ci y 1 i- 



5 iO 



' 1 . i " *. i 

r ;;a 

'IP' F-.ciue-s : . 



l • ppp> 



I-Vl I y P t . r . 



• i 'p 

.'Pi Aid Ala 

i w 



i . i ; . i . 
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Ala 



... , ;i -; ■ ;•■ : A.., A;., A_> A:.!. . A-P i*: 



r i L 

4 1 



.1:.; ■ .1 j .4'. 



r, tr i ■ . i V li 1 U 7.-1 1 'j I I: -J.l. Tt-I I' I ■ 



i gta .i.i,; .j, ■: - J - J - 1 * 1 r tc1 1 lJl 



dli. 



i, Thr ri, 7 a 1 I.y- A i . 1 V.i l V,i I I.y.s T.t-u ",1 u Asu I.tru An) 



qdd gag adg gg: :aq ~gt gaa ncc 



ciacj ltd a ~ t cj a g 



G 1 u 



Leu Lys Gly Gin Ar g Glu Thr PLe U-u Set Lyb U*u Tic Glu 



teg gat gga g -.-j n . ggt ttt t.r. ,:aa tig ate gat 1 1 _: nr. eg t gtt 
A=»p G'.y A 1 a E-t.-r -iy K'.rr Lea bin l^u lie At j. Pt.e Leu At g V.-* I 

l do 1 j -> 



-it gac -.:a jat ' r _- : . ' ; i.^ -j: t j-i- ggg a:a a^g gt: gag 
lie A:,p TI.l A,g If. V.»: A*p Gly TV. i Vys V.I Glu 



dad 



q ; gtM g - t a •• . g ' ; « » i I ' 



t j.ig t a at. r. gga at a aag ggt 



Ala Gly 7d i Lyi '-'a. I.,-.-. Ala Tyi Lei. Glu .'Jet I-e G . > lie Lyii Gly 

17 



J 4 0 



T r . : A i g 



.i-t g'a g.i.i gqt r \t g .a dJ ag: a,/t (a>: agt gag 
7m r V.j I Gly :>■? r A ! < i Gin :">trr Thi Asp i 1 " 
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A \ p G 1 u L*-u .'.i I L 



Lyx I'ht- Tin GU. Met S«-r 

/ 1 c . 
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go: Glvi Asp : 1 So i 01 y Phe Leu Thi V.i 1 P i u 

. • • • . U) 2 J j 



qaq '_d<: cjtjt t i i. 
Gla Tyr Uly f'he 



iit. „j ^csl q.G q-_t ddq t <.j ciatj .uu'i qlq qnd ^-icig 
M e I A s v > A i a Ala L v s T r p L y s I.y s V a 1 G 1 u Lys 



jdq at ; aql jd t .u ; 
[ , v'.-i T I 7 < i A d ! . . - 



.3 a c 



:c ip 



j to ( j i_: a a c T q a c ■:; t c a a d 
1 1 T)i i Thi Asp Ltru Lys 



32 0 



.x'u Aid 

' 7 i ! 



q j a d q i ; 3 a c i a a a at q a ; q q a : r. I q 
;.;!;, .'; in A j C i u Lys Hei r-L-t Asp Leu 

.'-'WO 



b o9 



qq.- ■ t i; • pp. ..at piq ijcit t p, >-:t. q • i; 
■ ; L: i i , : . - • : v Mi:. G: w Asp> G Ml o A 1 a 



a,]d ted yqt Ccicj 
A r q t til y Gin 



^ 1 6 



l ■ *« t L • J ' M -\ 



I : t ; < r r!.t j A Gi Aid Vci j 1 i - :-t-i Ge I Le \ 



i i b 



■;• j t ,1 .it-: ft. \ ri,j :■; t . * . .up. M 
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Mt:t Lv-s Tl.i -'--r I.y^ I 



Leu Ami TLi A] a Aio lit- Cys I.eu Lcru Ai 
in l'> 



Mc . t G.y L'he As:i lily Ami Am. VjI Ser Cys Aid Hi.s lie Set Gly The 



i 0 



Gin G L u 'Mir A ! n Aid Aia As n Sri Gly A.-,p S^r 'il:r 'I'tir A r tj Ami Asp 

4 ; 



.\K, i.,lt. Glr. 
L ' 1 j 



.j Vj: Gir: Glr: Thr. r ' t o Gin Gin The fro Veil 



. A^t [ r j A: _j G 1 ... Glu leu I.ys Giy 



t-i A..[- Gl y Ai ,i Ph. 



1. . > 



Gy I i » ■ I.y ;j 



; i U G 1 Li 
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,p 1. 1 u L ; Till Lt'U 



L.t-u Lys r:-. 



Asp :.Vi Asp 



. i i» I.kt u Le u i. 



i i G i : i A r q 



Asp Glu Leu Vai Lys Lys Pi<e Tnt Glu Met Set Ho Sei 



ei PP.e L^u Thr 



1 u 



Ser Glu Asp Tic Set Giy Phe I.cu Thi Va 1 P:o Glu Tyi Gly Phe Pro 



Met Asp AH AH L/, Ttp lys l.y* Wi 1 Glu l.ys Lys II,: : Oe r Asp Lys 

: i ->^ 

t w . ri u o; , : :, : ; . : _ ? '''t,i Asp Leu Lys Thr Leu Levi Aui Lys 



Leu 1 1 - '•»! 



Mcl Xet Ai|' Leu Leu 1' r Gly Pro Tit 



c;iv Hit ulu Asi .«,•••> Cl... Aia At 9 i y «ln yly iiei oly l-:o I.ys 
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l400> 10 

dC'jqqdlcrd ddjqcrau'al <i q c t ^ t ■ : CM -" t 



F H I M V- H bci • M r i 



* ; ; i ; : i ; ■ *. i 



Claims 



-J 1 



1. Nucleic ac d sequence of ->mj d/i/cY^-Vis characterised m that tt encodes a protein of the 37 k0 protein family 

<}- an immunogenic fraqnu:nt ! u.-rt-ol 
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b ,_ ; _„. . 1;i , : ., c . vt ., u . -d.ng H; , charaote-i.ed n thai , CL-.-.pr.scs the sequence show., .n Sf.O IO NO 

6. li..<. ,.. .. .uguence cdmy c prote.n of the 3/ KD protein tamily that ,s capable of bird.r.g to the monoclonal 

., . . .... t . t -i.niunrw ^i-rordinntn rlainis 1 t>ard 

/ Mr. e.utM.uiit UNA moieeul' characterised in inai u our. n-i iocs a n*iu. ^ 

tegulut ng sequences ciiab ng expression of said nucleic acid sequence 
8. L,ve re,emOa,anl came, in, ro-organism comprising a nucleic acid sequence according to claims 1-7. 

9 i , v , omo,„ai ! earner a, :ord,ng to claim 0. characterised in that said earner additionally comprises a heterolo- 
gous gen, encoding an an gen of a cattle pathogen, which is able to elicit an immune response 

10 Live reeomomnn, earner ac :ord:ng to claim 9. characterised in that said cattle pathogen is selected front the group 
ct c „„.. pamogen, cons,.< ing ot Bovine Herpesvirus, bovine Viral Diarrhoea virus, Parainfluenza type J virus, 
Bovne Paramyxovirus Fc I and Mouth Disease virus. Pasteurella haemolyUca, Bovine Respiratory Syncytial 
V.rus rn.-./.v,., pane, Ttnleria annulala, Babesia bows, Babesia bigemma. Bates/a ma,or. Trypanosoma 
s/vvu's An.i.n/.xma marge ale, Anaplasma centrals or Neospora canmum 

11. Musi cei. t u mpr. al ng a nuc ,c acid sequence according to claims 1 6. a recombinant DNA molecule according to 
cla.m / or a live recombina t carrier according to claims 8-10, 

12 Vaccine mduemq protects against infection of cattle with B divergens or the clinical manifestations of the infec- 
' t on characterised in that it comprises at least one protein of the 37 kD protein tamily or an immunogenic fragment 
inereot and a pharmaceutical^ acceptable carrier 

1 3. Vaccme according to cairn J, characterised in that it comprises two or more different proteins of the 37 kD protein 
tarn ly 

14. Vacant according to cla.rt 13, character sed in that it emprises 50-75% of a 37 kD member ot the 37 ku protein 
fam.ly and 50-26° o of a 35 D protein member of the 37 kD protein family. 

lb Vaccine .nduc.ny protectio against infection ot cattle with b divergens or the clinical manifestations ot the intec- 
' t;on characterised n mat f comprises a nucleic acid sequence according to claims 1-6, a recombinant DNA mol- 
ecule accord.ng to claim 7, i live recombinant carrier ac or ding to claims 8- 1 0 or a host cell according to claim 1 1 . 

16. Vaecme prutect.ng aya.nst r faction of cattle with 3. dwryens or trie clinical manifestations of the infection, char- 
actered in that it comprint s antibodies against a protein ot the 37 kD family. 

v/ m,,v, i ..... if , preparation , f a vaccine according I, C urn 11. 15 16. characterised in that said method com 
, M , hl j-p.x.rtg A a ;j-\/..:in of the M -.D pre torn fam.ly m an immunogenic tragment thereof, antibodies agains 
\ j.'f.'^'.r. • !r ',. a/ ,.[; \:n : ly. a fnia,,( ac. d .eqaenee according tu c 'aims 1 h, a recombinant DNA molecu.c 
[J \ . [ :il / T; ; tl i t r,, t arr:er a,.:ording to i '.aims t< ' '■■■*> o. a rust eeil aoecrdng :o l lami 1 1 and c 

• I .. , • . ,:>v a. . t-pt.ib ; i .rrier 

18 Metn.rri fu' fa- preparat.cn ot a vacene ac coming to daim h\ nmaractensed in that said method comprises Ha 
adm.x.ny ot two different pr terns of the 3/ kD protein tamily or immunugen.c fragments thereof and a pharmaceu 

t eaily a-..\ eptable l "ifner 

19 i) 1(U] M !i:it , K.t fur » ru , dete.. an of ant.ood.es against R-jivsu i;.wmvms, stud kit compnsm:] purified protein of tr 
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21. Method for the detection ct a-' ibod.es against Babesia divergens, said method comprising incubating serum with 
a protein uf the 37 kD protein amily or an antigenic fragment thereof 

22. Method tor [he detection o? LU>es«i divergent parasites, said method comprising mccbating serum with antibodies 
against a protein of the 3/ kL orotein family 

23 ! ist- of a protein of tne 37 *0 xtem firmly or a mixture of such proteins tor the manufacture of a vaccine inducing 
p-otectun against irtection ol attic wi:n b divergens or tf e clinical manifestations o r the infection 



JO 



■W 
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A U 



jAATTC CGAGCATACGAATA -JTTfV' rGTT« 
JAATTC/ "GACCATACGAATAGTTA'' T GTT 



T A A • " T T A 7 T AA TAT C C 7 AA T C : AA G 
TAAGTTATTAATATGGTAATVAAG 
CAAG 



,< u -Hi C HJ 100 1 10 

I J 0 

! i ill' 

1 HVTTT. W%GTACuATGAAAACCAC T AAGATTGTCAAGAGTGGTGGT ATCTGCGTO TG 

2 TTCTCTi T AA C T A GG A T G AAAA C C A G T AA GAT T C T G AAC A C T G G T G C TAT C T G C G T C C T G 
;j GATCCTC TAAGTACGATGAAAACCAGTAAAATTCTCAACACGGCTGCTATCTGCCTCCTG 



: no i-o itio ■ '/o ibu 

GCT A'i'o T I ' ' I T G A A I' G -3 G A A T AA T G T G A G G T G C A I ' 1 J A A. T G T C A A T G G C T C AC A G G A G C C A 
-TAlu . *.T T 7 G AAT G 'jC AAT AAT GT GCGCT G C ACC AAT CTC AGT GGCGC AC AGC AGC C A 
> /,7r»VAATG iG AAT AAT H'G A> ICTGa'GGG' :AT ATGAGTGG 7 AG ACAGG AGAG A 



I 

"•AT G ; "* : j 1 \Ai G"" A ! j' 
j AT T-- ' A i "AA 
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i 



»T AAAAT 



\ TAGAT JTGCTG- 'GT* KiGG AAGTC AC j^G'o'.a 
'('TAG AT G AA C T C C G T G G G L» AA G T'»7UiwG 
r ,GAG. 3 ^TT AGGTG AAG AGGTT AA' GGT 



• «,M< -.Mu 4 ') -5 1 C 

i j I I ' 

• l A, V,. ;TT'i '." C T T T C AG A GAT AA T T AAA! C MuAl GGTCCATTGACT ATTTTGGAG 
, ': A G G G T T 7 C G T T T G A G A G A T AA T T AAA T G G G A T G G T C C A T T C A G T A T T T T G C A G 

'.;AG« 'GT iAAACCT'I CCTTTC\^(r:'l7vATT\..AGTCGGATGC:AGCVwTCCXTTTTCTrC^. 



.; U 4^0 OSO 4GD V/G 4H0 

i I 1 i I 1 

77,-r/r > iiCT A i"" C T T C G 7 G T T G T G G / «. C AG AG A T G T T G T C C T G AAA G T T G A T T C f ! A CG AAG 
TTGGTT j G C T AC C T T C G T G T T AT CG AC AC AG AT C T TC T CCT G AAG G T T G AT TC C G T G AAG 
TTGAT ' -AT ? T C " T 7 C G T G T T A T T G . X AG AG AT G T T C T C G T G AAG G T T G AC G G G AC AAAG 



;.<n -'..Or '.GO L -?0 b30 t40 

i ill ; 

.. ;;tga! :gagccggcaal:Aaggtcaaggcc7 accttgaaaaaattggaataaggggtgac 

,,V:; V ;;,::,A,;; \_; G.VwM .,AAGGTGA '\GAlV7 ACCTTC AAAAAA'I TGGAATAACGGGTGA' 
: : • : A'. AAA'- >GoG ; A G T T AAAC T G AA G G GC T ACC T T G A G T GT A'l ' T G G AA T AAAG G G T G G A 



c , ; : > 



1 5 0 



hfH) 



'AT ,,AAA T'.'A 



I 

\ 'AG;'!'. :A= H-A i GGAAGAGTTTGT TATTAAAGTTG 
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7.7, •■; . ": ga-jGAA= ;.'-.»\ ./;'F< \atag'. t gaa gccaag- "i — 'jTi.'.Abo"-' 
,a ; a; i -i "A . •..'.•"Tv.a...; 'aagaa 7F f ^atawT^aay vaaggggg — gtgaggg,. 

;, : ' I . ,A GCAAGAJ\Gv -:"YA 1" !7 ., FGA . "'AAGGA TGA.AAGTAAGGAA 



- i ( .) / i j ; ' / 1 J 7 ri J ■' .' ' ' • K ( 

! I ! I 1 1 

ri'GCTT G T AG 7 A 7 G .*' G\ G A G G G A G C A T G A T G A AC TACT T AA G AA ( "» T T T G C T G C C C T T A C •" ' 
TT( >CTT 'GAi ;i""A'i 7AAG ACGC AGCATGACGAACTAC F T A A G A AG T T T G C T G C C iTT A A \ 
TTACTi-^ri iAATCTG; ; . iCi 1 oF A .ii - ^ 1'GAl G AA7 T 'j G I C AAG AAG T T T AC TG AG A T G AC j C 



■ uj 700 a 10 b20 u .U"' W 4 0 

! I i 1 f 1 

...CTAC1 TCT"I AA G ' ' F AG A G G A T A ' F AT C ' 'F G G C F AC C T T AC C G 7 G C C G G A A T A C G G T G C 
CCTAC7 TCI TATCCACAGAGGATATATCTGGCTACCTTACCGTGCCGGAATACGGTGCC 
77A7CC. FG1 TGA^'^TCAGAAGATATATCTGGGTTCCTCACGGTGCCGGAGTACGGTTTG 



ill' 

• -■; CCV;\>AA7G GFGG-AA \ G G T G G Ai *. G C » AA7 GAT C G A T G G AAA( i C T C G A G T C T 

I ;, : 7C, . r AAAA -.W: .jGAAc ,GAAAGA'I CAATGAAAAGCTC GAG7( T 

; ■ ; .7,7 YC V 7 AAG To 7AA F-ZCGYYCGAAAAGAJ^GATC AGTGATAAGCTCCAGTCT 



. ; ; . 7 • ; .-G ': ;• A ,/•/. ! GAAl I -A ,V :*•..■" G ■ *AA7 : * i 

71 r \ . 7.7.7-. , "T '. ' FGG V '. .3- A 1 ' 7A ; . FTA.A7TA.AGT FG 7F'..G\AC AG 
V 7 • F GAAAA ■ "T • := '77 AAA GT'I GATT« 5AA FAG 1 -| FF *j AAA AA. 
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AT*. iA I -;. ; A T 7 7 G " T A T A C G G C C C T / \ V T G G T C AT C A C C ATT G T G C T G C AC G AT C A C G T C AG 
A 7 u'A:,; iATTTCCTA I'AUjGCCCTA'I TGGTCATGrtGGA7TGTCCTGCCAGATCAGVi'CAG 



HJ 1<;<J0 1000 i 0 6 0 10 70 1080 

i l i ! I i 

ggat^t vGtc("'I7^gaagc:cat*::ctt;:gct(:;ctgtaccttctti:tttg 

ggatg'j \gt cct aagaagccatcct tcgotgc tg taccttct tctt tgtc tgccat tg tc 

GGA'IVl ) G T C C G AAG AAG C C AT C C T T C G C AGC T G T G C C C T C C T C T ' Y T GTGCGCCATTGTG 



. ."■■'KJ 1100 1110 UAJ 11 30 113 / 

i i i i i 

TIT'GGT Vf G A 7 T G T A T C AAT G T T C T AAGT G G AC AG C TAT G T AGC T T T T G GAT CC TG T 
TTGGGT-.TOAT TGTGTC AATGTTCT AAGTGGACAGCTATGTAGCTTTTGGATCCTGT 
TTGGG'I k IV ATTGTATCAATGT T CTAAGTGGACAGCTATGTAGCTTTTGGATCCTGT 
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. . ; ■. •> 1 1 .J j v : I t. M 

I I 

•' k ;* .j ■• i ;,r; AAA l * ' -A^vH^fc- N^NNV::* ' i " : J I . f i G : 1 v K T AAAN P VV :•; T PG N 0 A*X> AGT <jQGC> Al J 
•!r : : Mi . AA i r!.i r.Hw FtA.NNV ". I [J I.: AAS T PGV T SGN u.SOuG I T S 

■ir : en aa-\ ; ■ " \a..\:-' ;engn!jv , -ah : : -n'vi: taaahl;gi K:T7F<m:)A0^-AEv 



M) bO '.H. i l. ' U 110 1 .' U 

! ! i I ! 

: K. ;\A Fv.>AAGK : T ATVV VKT i A>V l.Ki ,K I .K.r.QRF.A ELSE i 1 KtSUGPK'l 1 UjLVuY LK 

- ,.jul\rjhAC>E7 r-AKVVVr T;.OELK(:F.IJ<utjKh:AFLSK i I KSDGPfl I L<J1A'GYU< 

^j~FCV"PVKAVV?:S EDUUIELKGUKETFPSKLI ESDGAKGELQL1 Dt'LK 



130 140 ISO 160 UO 180 

I I I i ! 1 

V V V>" 'T A L. L K V IV' S T K V D E A G K K V K A Y L F. K 1 G I KG I - 1 i * V F. AA L L> N LM I K V Y E I T K GT V E S 13 A Q 
V; v:l _ L I . K V P fl V K V T E A OKI* VHTYLEKICi TGIjS VEAALDNLM 1 KI Y ELTNGT VESG P^ 

V I :/:;• . v L 1 . K 7 D G T K V L K AG V K V KA Y L E £ 1 G 1 KGGG V E E C L DU 1*MT K V S A I t l<GT V E G5 A»j 



. ] i 2/0 2 30 2-10 

I I 

- • .* : .„>;•; ; r ' I ^K[jI>:AF.Q^LH^^AK^-FALLSSMKTOH;.'EI.Lr h FAA1/T PT ELTSE 
; • vf" -.;.r.";:.;.l K P P EDI. KA EV~> ELMS E AKO-G F A 1 .L£ SMETOH DEI, LP K FAALN PT PLSTE 
'- ; • ; r,': I. I Er v Vr EEEAEAF.P iiGuEL F.f.KE LEKNE.A'ARDELVEEFTEM^ PS ELTSE 



: . ' ; •/{ EY AG MNAAKWKKVr.GMI Sr.". EEEV :'■ r V t At J EEAI .V AFE. A ELkrVjMM! jLEYG 

, . ;.:'/»'?• aaa mnaakwke7e ;k \ nekee: e i qgl; lkap7ae e 1 klpeommeeey 
; : va m: aakwkkvkek ieeki eeei atteektl .laklie qr^hmmoll yg 



EP 1 050 541 A1 
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